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Wide Bandgap and MMICs
DARPA perspectives are probably anxiously
awaited by those having to make the grade
and eagerly anticipated by observers  as the
‘sine qua non’ for advanced compound
devices. Mark Rosker’s paper reported on
completion of phase 1 of DARPA's wide
bandgap initiative and lays down the ambi-
tions and expectations of phases II and III 
Although many promising microwave frequency
results have been achieved from SiC devices,
fabrication yield of high performance WBG
devices has historically been very low. Principal
reason for this was lack of SiC substrates with
sufficiently high resistivity to provide semi-insu-
lating properties and a low number of serious
defects to assure that most devices on a wafer
would operate properly. Partly as a result of 
the lack of high quality substrates, homo- and
hetero-epitaxial growth of WBG materials, such
as GaN, had not been routinely achieved with
high uniformity across large diameter wafers
with high enough electron mobility to be useful
in making microwave and mm-wave devices.
During the past few years, Phase I of DARPA Wide
Bandgap Semiconductor Technology Initiative
(WBGSTI) has served as a significant catalyst for
accelerating improvements in the characteristics
of several types of wide bandgap materials includ-
ing SiC, GaN and AlN. During the the program,
commercially available SiC substrates has
increased from 2” to 3” with 4” diameter material
being developed by several vendors and expect-
ed to be commercially available in the next year.
At least one vendor, Cree, has established a SiC
device and MMIC foundry and offers high power
SiC devices for sale. Table I shows the rapid
progress made in improving both the absolute
values of key substrate parameters and improving
uniformity of those parameters during Phase I.
Results are particularly impressive for SiC sub-
strates with most goals for this  already achieved
or exceeded. Significant progress has also been
made toward improving the characteristics of
GaN and AlN substrates. Table II shows GaN epi-
taxial layers improvements grown by both MBE
and MOCVD techniques during the WBGSTI pro-
gram.Again, impressive progress is made achiev-
ing reproducible high mobility active layers and
in uniformity of material characteristics across
wafers. Recently, high power, high efficiency, X-
band devices,fabricated on GaN substrates by
ATMI (acquired by Cree), have been demonstrat-
ed by BAE Systems.The ability to make MMW
devices  producing 3.5W output power with PAE
of 22% at 35GHz  has been demonstrated.
Another technique used successfully to enhance
device performance is incorporation of field-
plates.Their use leads to devices with extremely
high breakdown voltage, high power outputs and
impressive power added efficiencies.An example
is a GaN HEMT which yielded output
power density of 32.2W/mm with a
power added efficiency of 54.8% at 4GHz
when biased at 120 volts.
WBGSTI phases II & III
Phase II of the Initiative, between 2005
and 2007, aims to realise a high yield of
reliable, high performance GaN-based
MW and MMW devices. Phase III will
attain high yields of reliable, high per-
formance GaN-based MMICs and demon-
strate their use in several module types.
This portion of the program will be
between 2008 and 2009. As WBG devices
and MMICs with outstanding perform-
ance become readily available, of high
reliability and increasingly lower prices,
they will lead to a significant enhance-
ment of performance in numerous DoD
and commercial systems including radars,
smart weapons, electronic countermea-
sures and communication systems. Non-
DoD commercial applications are also
expected to use of these devices, sustain-
ing production capabilities.
Phase II and III will aim to establish capa-
bilities to design, produce, package and
demonstrate the desirability of  WBG
devices and MMICs with high perform-
ance, high reliability at an affordable cost.
Specific Program objectives include:
•  Great improvement of the understand-
ing of the physics of failure of WBGS
devices, leading to realisation of robust,
highly reliable devices and MMICs
•  Use of physics-based models to accu-
rately predict device performance
•  Reproducible WBGS devices and MMIC
fabrication processes
•  WBGS devices and MMICs that, main-
taining high levels of producibility and
reliability, achieve substantially higher
levels of performance compared to GaAs-
based MW and MMW devices and MMICs
•  Superior thermal management and
pack strategies.
Work to optimise WBG materials:
•  Substrates and epi structures with
fewer defects, impurities and dislocation.
•  The effects of various epi designs on
devices & MMIC performance
•  Methods for accurately screening sub-
strate and epi materials for characteris-
tics critical for high yield and perform-
ance devices and MMICs.
To demonstrate widespread applicability
of devices and MMICs, a 3-track demon-
stration means each contractor team
participating will fabricate and demo
devices and modules addressing  Table III
requirements for at least one track.
Modules contents to be developed:
•  Track 1: X-band Transmit and Receive
module has both a WBG PA and WBG
LNA MMIC. Other characteristics, size
and overall receiver noise figure perform-
ance are to be equivalent to or better
than current T/R modules capable of
delivering 10W of CW output power
over the same frequency range.
•  Track 2: Q-band HPA Module contain-
ing WBG PA MMICs that meet specific
requirements (see Table III) at 40GHz.
•  Track 3:Wideband HPA Module con-
taining Wide Bandgap Power Amplifier
MMICs that operate over an instanta-
neous bandwidth in excess of one
decade (eg from 2GHz to 20 GHz),
inclusive of X-band. Considerable focus
will be on reliability testing and assess-
ment of failures and automation.
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